
DOCUMENT RESUME

ED 197 957 SE 034 020

AUTHOR Sachar, Jane: Baker, Meryl S
TTTLE Mathethatical Requirements in Navy Class "A"

Electronics Schools.
INSTITUTION Navy Personnel Research and Development Center, San

Diego, Calif.
REPORT NO NPRDC-TR-81-4
PUB DATE. Jan 81
NOTE u9p.: Appendix marginally legible.

EDRS PRICE
DrSCRTPTOPS

MF01/PCO2 Plus Postage.
*BaPic Skills: *Educational 7esearch: *Electronic
Technicians: Engineering: Engineering Education: ,
Mathematical Concepts: *Mathematics Education:
Mathematics Instruction: *Postsedondary Education:.
School Surveys

ABSTRACT
Instructors in 14 Navy electronics "A" schools(12

-basic core and 2 advanced) were presented with a list of 70.
mathematical skills and asked to indicate: (1) how important they
were to successful school performance, and (2) whether they were
prerequisite, reviewed, or taught in the "A" schools. They were also
asked to state the number and type of performance aids used in the
course add during the exam. Responses showed that of the 70 skills
.surveyed, 19 do not appear in any basic core course and 2 more do not
affect performance. .Although the skills rated as affecting
performance are generally considered as prerequisite in all schools,
many students require review'in these 2kills for"successful
performance. Across all schools, the most important skills are: (1)

addition, subtraction, multiplication, and division of numbers; (2)

squares and square roots of ppsitive numbers: (3) addition and
subtraction of like units: (U) multiplication and division of like
and/or unlike units: (5) substitution of known values into a given
formula: and (6) transpositions-of algebraic expressions. Performante
aids are permitted in all courses but one, both during the course and
during exams. (Author /MP)

***********************************************************************
* 'Reproductions srpplied by,EDPS are the best that can be made *

* from the original document. *

***********************************************************************



NPRDC TR 81-4 January 1981

r

MATHEMATICAL REQUIREMENTS IN NAVY CLASS "A"
'ELECTRONICS SCHOOLS

Jane Sachar
Meryl S. Baker

Reviewed by
Edwin G. Aiken

Released by
Jarries F. Kelly, Jr.

Commanding Officer

Navy Personnel Research and Development Center
San' Diego, California 92152

3
JAN 2 6 198



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE
READ INSTRUCTIONS

BEFORE COMPLETING FORM
I. REPORT NUMBER

NPR TIC TR R1- 4
4. TITLE (end Subtitle)

2. GOVT ACCESSION NO 3. ,RECIPIENT'S CATALOG NUMBER

MATHEMATICAL REQUIREMENTS IN NAVY
CLASS "A" ELECTRONICS SCHOOLS

5. TYPE OF REPORT & PERIOD COVERED

1 Feb 78 1 Nov 78

6. PERFORMING ORG. REPQRT NUMBER

7. AUTHOR(s)

Jane Sachar
Meryl S. Baker

6. CONTRACT OR GRANT NUMBER(*)

9. PERFORMING ORGANIZATIWrnilAME ADDRESS

Navy `Personnel Research and Development Center
San Diego,. California 92152

10. PROGRAWELEMENT. PROJECT. TASK
AREA A WORK UNIT NUMBERS.

62757N
ZF55-522-011-03.02

II. CONTROLLING OFFICE NAME ARO ADDRESS

Navy Personnel Research and Development Center
San Diego, California 92152

12. REPORT DATE

December 1980
13. NUMBER OF PAGES

21
ra. momircraNG AGENCY NAME 6 AOORESSM effilefon( from Controlling Office) IS. SECURITY CLASS. (of this Wort)

UNCLASSIFIED

I5a. DECLASSIFICATION /DOWNGRADING
SCHEDULE

IC DISTRIBUTION STATEMENT (of thl. Region)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract enticod In Block 20. If different film Report)

IL SUPPLEMENTARY NOTES

19. KEY WORDS (Continue an remora* side If necessary and identify by block number)

Mathematics Electronic "A.' Schools
Prerequisite skills
Performance aids

2f. ABSTRACT (Continue on reverse side If neceessay and identify by block number)

Instructors in 14 Navy electronics "A" schools (12 basic core and 2 advanced) were
presented with a list of 70 mathematical skills and asked. to indicate (1) how important
they were to successful school performance and (2) whether they were prerequisite,
reviewed, or taught in, the "A" schools. Also, they were asked to state the number and
type of performance aids used in the course and during the exam. Responses showed that,
of the 70 skills surveyed, 19 do not appear in any basic core course and 2 more do not
affect performance. Although the skills rated as affecting performance are generally411.

DD 1 JAN A73 1473 EDITION or I NOV 65 IS OBSOLETE UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)



UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(IFIHR Dana ittemt0

consideredconsidered as prerequisite in all schools, many students require review in these skills for
successful performance. Across all schools, the most 'important skills are (1) addition,
subtraction, multiplication, and division of numbers, (2) squares and square roots of
positive numbers, (3) addition and subtriction of like units, (4) multiplication and division
of like and/or unlike units, (5) substitution, of known values into a given formula, and (6)
transpositions of algebraic expressions. Performance aids are permitted in all Courses but
one, both during the course and during exams.

I

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(Whon Data Entered)



FOREWORD.

This research and/development was conducted under Exploratory, Development Task
Area ZF-63-522-0I I (The Assessment and Enhancement of Prerequisite Skills), Work Unit
522 -011 -03.02 (Enhancement of Computational Capabilities), and was sponsored by the
Chief of Naval Education and Training. The objectives of the work unit are to identify
mathematical skill deficien4W-among Navy electronics personnel, to determine the
causes of such deficiencles;' and to develop instructional strategies to improve the
efficiency and job relevance of Navy electronics training. The objective of the effort
described herein is to identify the mathematical skills required to perform successfully in
Navy electronics "A" schools, Subsequent reports will assess ,personnel performance at
these schools, compare performance with requirements for success, and offer recommend-
ations for curriculum revision. Results are intended for use by the Chief of Naval
Education and Training and the Chief of Naval Technical Training.

Appreciation is expressed to the Navy "A" school instructors who participated in this
study.

JAMES F. KELLY, JR. JAMES J. REGAN
Commanding Officer Technical Director
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SUMMARY

Problem

The sophistication of military equipment is increasing while training budgets are
decreasing. Thus,-to assure cost-effective training, .those skills and knoi,vledges that are
essential for successful job performance in, the fleet must be identified, as well as the
subordinate skills and knowledges that enable the trainee to master essential skills.

Objective 0

The objective of this effort. was to identify mathematical skills required for
successful performance in the Navy electronics "A" schools. It is the first in a series of
reports designed to identify mathemathical requirements relevant to electronics training.

Approach

Instructors in 14 eleCtronics "A" schools (12 basic and 2 advanced) were asked to
assess the importance of 70 mathematical skills for successful electronics course
performance, to indicate whether the surveyed skills are prerequisite, reviewed, or taught
by the "A" schools, and to state the number and type of performance aids used in each
school. Also, in a follow-up survey, instructors from four schools were asked how much
time was spent in each school reviewing and teaching all mathematics topics surveyed.

Findings

1. The number of math skills rated as affecting performance in a basic core course
ranged from 14 (Construction Electrician (CE) School) to 41 (Sonar. Technician (ST)
School). The two advanced courses included in the study, the Advanced First Term
Avionics (AFTA) and the Fire Control Technician II (FTII) courses, require 59 and 28 skills,
respectively.

2. All of the skills rated as affecting performance are considered as prerequisites in
all schools, except for transposition of algebraic expressions, which is taught in the
Gunner's Mate (GM) School. All of these skills, however, are reviewed by one or more
scools.

3. Across all schools, the most important skills are (a) addition, subtraction,
multiplication, and division of numbers, (b) squares and square roots of positive numbers,
(c) addition and subtraction of like units, (d) multiplication and division' of like units, (e)
multiplication and division of unlike units, (f) substitution of known values into a given
formula, and (g) transpositions of algebraic expressions.

4. Of the 70 skills in the survey, 19 do not appear in any basic core courses, and 2
more do not affect performance. These skills are in the Logarithms (1), Equations (2),
Algebraic Expressions (7), Determinants (2), Geometry and Trigonometry (5), and Phasors
(4) topic areas..

5. Four standard electronics units--volt, ohm, amp, and watt--are used in all
courses. Only 4 of the 14 courses use the meter.

6. Performance aids are permitted in all courses except the Data System Techni-
cian (DS) course, both during the course and during exams. The nonprogrammable
calculator is the most universally used performance aid for math computation.
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7. Instructors at the four schools participating in the follow-up survey reported that
between one and five .percent of total training time was spent in rr.viewing or teaching

dithathematics.

Conclusions

1. Although a number of mathematical skills are considered to be course prerequis-
ites, many students require instruction in these skills in the form of review or reteaching.

2. In most courses, students are 'not required to perform mathematics operations
manually.

3. The amount of time spent on review and teaching of mathematics is minimal.

Recommendations

1. Further studies should be conducted to:

a. Determine if "A" school mathematics requirements are justified; that is, if
they are necessary for fleet performance or as an enabling skill for another skill critical
to fleet performance.

0
b. Determine if entry levels of electronics Class "A" school students match

prerequisite requirements:

c. Determine the extent to which Basic Electricity and Electronics Prepara-
tory Schools provide training in mathematical skills considered as prerequisite to the elec-
tronics Class "A" schools.

,2. Given the variability of mathematical skills required in the Navy's electri-
city/electronics courses, curriculum developers should ensure that curricula are designed
to provide instruction only in those skills required by an individual course.

;.
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INTRODUCTION

Problem

The sophisticatidn of military equipment is increasing while training budgets 'are
decreasing. Thus, to assure cost-effective training, those skills and knowledges that are
essential for successful job _performance in the-fleet must be identified, as well as the
subordinate skills and knowledges that enable the trainee to master essential skills.

Navy recruits are assigned to ratings and corresponding Class "A" schools based on
scores obtained on the Armed Services Vocational Aptitude Battery (ASVAB), which
measures aptitudes in a number of areas. Over 23,000 of the approximately 60,000
recruits who enter Navy Class "A" schools every year are trained in electronics
maintenance. Before these recruits enter "A" school, however, they must successfully
undergo initial training on the fundamentals of electronic theory at one of the Basic
Electricity and Elelctronics (BE/E) preparatory schools, which are located at Orlando, FL;
Memphis, TN; Great Lakes, IL; _and _San Diego,-CA.-- The- course at the BE/E schools
consists-of -a-series of modules, each comprised of one or two units. Students scheduled to
enter the electronics ratings must master the first 11 modules of the BE/E course before
proceeding to more specialized training. Since the BE/E course' and all follow-on courses
use mathematics to express relationships in electronic systems, a diagnostic mathematics
test is giVen prior to BE/E. Students who have deficiencies in mathematics are +eferred
to remedial mathematics units, but are not tested on these units.

Although the background required for the efectronics "A" school is mpre stringent
than in most areas of Navy technical training and the preliminary instruction most
advanced, "A" school instructors frequently report that many students are not prepared to
begin "A" school curricula. They cite mathematical skills as a primary deficiency among
students and view this inadequacy as significantly contributing to unsatisfactory perform-
ance in electronics. Since electronics theory is, to some degree, mathematical, and since
course curricula generally rely on the mathematical foundations of theory, it follows that
deficiencies in math would interfere with the learning of electronics.

Background

Steinemann (1965), in an attempt to obtain detailed information regarding electronics
training in military .and Civilian organizations, surveyed mathematical skills in Navy
Electronics Technicign (ET), Fire Control Technician (FT), Sonar Technician (ST), and
Avionics Technician (AV) Class "A" schools, and in Radioman "B" schools. He found that
"some algebra, trigonometry, powers-of-ten, roots and squares, logarithms, and binary
arithmetic are commonly included" In most Class "A" electronics courses. However, he
noted that uniform acceptance of particular mathematical skills in the curriculum "is not
necessarily proof that they are needed by the average technician in the performance of
his duties."

Stauffer (1955) developed tests of mathematics skill and knowledge of electricity for
use in determining training requirements for sonar maintenance. He found that results of
mathematics and electricity subtests predicted, to a statistically significant degree,
student success in the sonar maintenance training program. However, his report did,not
include a detailed account of the analysi's procedures employed, a list of the skills that
were tested, or the items that comprised the tests.



Cox and Montgomery (1964), in an investigation o`f mathematics skill requirements
for Army- bagic electronics courses, identified- 19 specific computational skills and
constructed a 'test "to measure them. Although test results showed that most of the
mathematical skills were moderately related to success in' basic electronics, no single skill
was a "povierful predictor of any''available estimate -of.success." .

Johnson (1969), as part of a broader 'study, interviewed instructors and found that
computational skills then being taught in avionics fundamental courses were generally

, viewed as "enabling skills"; that is, skills taught to facilitate the learning of other, more
job-oriented skills. Also, he presented the instructors with- several dozen items on
computational skills, and asked them to indicate the rerevance of each skill to job
performance. Although the instructors rated only two of the computational skills, as
relevant to the job, most of them felt that such skills were an aid to further training.

Anderson (1962) constructed a mathematical achievement test to measure ETs' basic
abilities in powers-of-ten, square, roots, algebra, logarithms4 trigonometry, and binary
arithmetic. Results of the test indicated that, in general, ETs not only lacked proficiency°
in mathematics but, also, that there was no "appreciable relationship between their test
results and job proficiency." As a result, Anderson questioned whether the content of the
ET course was appropriate. ---

'While mathematical skill does not relate to job performance, it has been a good
predictor of electronics training success. However, since this finding is based on
correlations that, by themselves, do not adequately definekthe relationship between
mathematics ability and electronics peformance, it is 'necessary to determine more
conclusively whether mathematics is an enabling skill for learning electronics.

Enabling or subordinate skills are derived through a task analysis procedure in which
each "terminal" or higher-order task or skill is systematically analyzed to determine the
enablers that comprise it. Hence, if mathematics is an enabler for learning electronics, a
better insight into the relationship, between electronics performance and mathematical
ability, beyond that offered by correlational data, should be obtained.

Purpose

The purpose of this study was to determine those mathematical skills identified by
course instructors as required for successful performance in Navy electronics Class "A"
schools. The validity of those requirements was not addressed.

METHOD

Study Participants

The 14 "A" school courses listed in Table 1 were included in the study. Twelve of
these courses--all but the Advanced First Term Avionics (AFTA) and the Fire Control
Technician. II ,(FTII) courses--are attended by BE/E school graduates and focus on the
respective "Al' school core. skills and knowledges. All of these schools graduate at least
100 students per year.' AFTA and FTII are advanced courses attended only by students
who rank academically in the upper two-thirds of their respective basic core courses.

'Although the Interior Communications Electrician School (IC) graduAtes more than
100 students annually, it was not included in this study because it was undergoing major
curriculum changeg at the time of data collection.

I 0
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Table 1

Class "A" Courses Included in Study

Number of Instructors
Class "A" Courses Location . Responding to Survey

Aviation Electrician's Mate '(AE)

Avionic Technician (AVA)

Advanced First Term Avionics (AFTA)a
%Construction Electrician (CE)b

/ xConstruction Electrician CE,

Memphis
. ,

Memphis

Memphis

Gulfport
Port Hueneme

i
(

7

9

8

3
5

..
Data Systems Technician (DS) 'Mare Island 9

Eleatric.lans Mate (EM) Great Lakes 5-

. . Electronics Technician (ET) , Great Lakes 4

Electronics Warfare Technician (EW):c
_J

EW Corrective Maintenance (EWC) Pensacola 3

EW Preventive Maintenance (EWP) Pensacola 3

Fire-6ontrol Techniciani (FTI) Great Lakes 3

Fire,sControchnician II (FTII)a Great Lakes 3

Gunner's Mate (GM). Great Lakes 5

Sonar Technician (ST) San Diego 4, 3

Total 1 70

aThese are advanced courses_ attended only by students who rank academically in the
upper two thirds of their respective basic core courses. -

.,

bTwo locations of the CE school were surveyed and treated independently to
determine whether instructor responses were consistent across locales. ..

cData were obtained separately for the preventive and_ corrective maintenance \
sections of the EW school since each section represented a disfinct block of instruction
taught by different instructors.

3



Survey Development

Several electronics math textbooks, including the principal one esed by Navy
electronics schools, Basic Mathematics for Electronics (Cooke and Adam..., 1970), were
reviewed to develop a list of candidate math ski si Seventy skills were identified, and
grouped into the 14 topic areas shown in Figure 1.

A survey form was then developed, which included two example problems for each of
the 70 skills identified. These problems represented the range of difficulties found in the
review of electronics math materials. For each skill, respondents were asked to indicate
the level of importance of the skill to the course. Responses were to be made on a 6-
point scale, where 5 = Indispensable, and 0 = Not required. For skills rated as affecting
performance (i.e., rated above 1), respondents were asked to indicate the level of
instruc. 'ion provided. Responses were made on a 3-point scale, where P = Prerequisite
(must poss,.!ss skill on entrance to course), R = Reviewed (some level of skill is assumed,
but skill is reviewed in course), and T = Taught (no previous knowledge assumed; ti.ught
explicitly as a skill for the course).

A copy of the skills survey is provided in the appendix.

Administration

The survey was administered simultaneously to, senior instructors at the 14 schools
listed' in Table 1, during the period from 27 June through 21 July 1978. After providing
instructors with a copy of the survey, the experimenter explained the purpose of the
research project and the survey, gave general instructions, and read aloud the definitions
for each rating of importance and level of instruction. It was stressed that responses
should apply to the entire course as presently taught, and not to the instructor's opinion of
.how the course should be taught.

After the instructors completed their survey, which took from 10 to 20 minutes, the
experimenter discussed the entire survey with the group, one skill at a time. Skills that
.elicited criferent responses were discussed and a consensus, if reached, was recorded by
the expe.-imehter. If consensus could not be reached, the individual respcases were
recorded by the experimenter. Major response changes occurred when an instructor
forgot how a particular. skill .vas used, or when he rated the skill as important but later
realized it was used little or not at all in his course. The entire sessidh was tape recorded
and required approximately 1.5 hours.

After the discussion session, the instructors were asked to list the kind of math
performance aids (e.g., 'calculators, formula sheets, slide rules), if any, studei rs use, during
th° course and/or during the: exam. Also, they were asked to indicate the units of
measurement and the slumber bases (binary, octal, or hexidecimal) that are used in the
course.

Follow-up Survey

A follow-up survey was administered to senior instructors at the ET, GM, EM; and
FTI Class "A" schools at Great Lakes, IL. (In some cases, instructors participating in the
follow-up survey were the same as these who participated in the original survey.) This
survey v.,.s identical to the first, except that respondents were also asked to indicate how
much instructional time was spent in reviewing and teas.:hing skills that instructors in the
original survey had designated as being re-iewed or taught.

4
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Arithmetic Operations with Numbers (4):
1. Addition, subtraction, multiplication, and division of numbers
2. Squares and square roots of positive numbers
3. Powers and roots of positive numbers greater than squares and square roots
4. Percentages of numbers -

Estimation (1):.

5. Estimation of answers to arithmetic computation
Fractions (5):

6. Addition and subtraction of fractions
7. Multiplication and division of fractions
8. Powers and roots of fractions
9. Reduction of numeral fractions to lowest terms

10. Simplification of complex fractions

Units and Conversions (7):

11. Addition and subtraction of like units
12. Multiplication and division of like units
13. Multiplication and division of unlike units
14. Squares and square roots of units

,..15. Unit conversion between nonmetric and metric systems
16. Unit conversion within a metric system
17. Unit conversion within a nonmetric system

Scientific Notations (4):
18. Representation of numbers in scientific notation
19. Addition and subtraction of numbers in scientific notation
20. Multipli ation and division of numbers in scientific notation
21. Powers knd roots of numbers in scientific notation

Decibels (1):

22. Decibels

Logarithms (4)

23. Logs and antilogs found from log tables
24. Arithmetic computation using logs
25. Solution of logarithmic and exponential equations
76. Logs of numbers to bases other than 10, using base 10 log tables

t":1,;uations (6):

27. Substitution of known values into a given formula
28. Transpositions of algebraic expressions
29. Application of transpositions on equations with more than one variable
30. SolUtions of quadratic equations
31. Solutions of second-order simultaneous equations
32. Solutions of third-order simultaneous equations

Figure !. Skills identified as being related to performance at Navy electronics Class
"A" Schools.

5
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Algebraic Expressions (9):

33. Addition and subtraction of algebraic expressions
34. Multiplication and division ofsimple algebraic expressions
35. Multiplication of algebraic expressions up to binomials
36. Multiplication of algebraic expressions larger than binomials
37. Division of algebraic expressions
38. Powers and roots of simple algebraic expressions
39. Powers and roots of polynomials
40. Addition and subtraction of fractional algebraic expressions
41. Factoring algebraic expressions

Determinants (2):

42. Evaluation of determinants
43. Solutions of simultaneous equations using determinants

Geometry and Trigonometry (8):

44. Conversion of radian and degree measures of angles
45. Pythagorean theorem
46. Use of trigonometric tables to find specified function of a given angle or the angle

of a given function
47. Solutions to right triangles
48. Calculations of the area of a given triangle
49. Solutions for unknown parts of a nonright triangle using laws of sines or cosines
50. Solutions of amplitude, frequency, phase angle, period, and angular velocity of a

given periodic function
51. Amplification of sum and difference identities

Phasors (7):

52. Conversion of polar and rectangular coordinates
53. Powei-s and roots of signed numbers
54. Addition and subtraction of phasors in rectangular form
55. Addition and subtraction of polar phasors,
56. Multiplication and division of phasors in rectangular form
57. Multiplication and division of polar phasors
58. Powers and roots of polar phasors

Number Bases (4):

59. Conversion of numbers to different number systems
60. Addition and subtraction in number systems from #59
61. Multiplication and division in number systems from #59
62. Complements of binary numbers

Boolean Algebra (8):

63. Conversion of Boole, , expressions to truth tables
64. Conversion of logic diagrams to truth tables
65. Conversions of Boolean expressions to logicdiagrams
66. Simplification of Boolean expressions
67. Conversion of logic diagrams to Boolean expressions
68. Simplification of Boolean expressions involving minterms (Veitch diagrams)
69. Conversion of truth tables to Boolean expressions
70. Conversion of truth tables to logic diagrams

Figure 1. (Continued)
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RESULTS AND DISCUSSION

Original Survey

. Importance and-Skill Acquisition Level Ratings

Table 2 presents the importance and skill acquisition ratings assigned to the 70
mathematical skills surveyed by instructors at the 14 schools. As shown, the number of
skills required or rated as affecting performance (i.e., rated above "1" on the survey) in
the basic core courses ranges from 14 in the CE-G and CE-P schools to 41 in the ST
school. AFTA and FT II, the two advanced courses included in the analysis, require 59 and
28 skills respectively. If digital math (Number Bases and Boolean Algebra), which is not
included in traditional high school curricula, is excluded, the number,of skills required in
basic core courses ranges from 11 in DS to 29 in ST. AFTA and FTII would require 48 and
18 skills respectively.

Sets of math skills are not common across courses. In fact, only five skills--numbers
1 and 2 (Arithmetic Operations with Numbers) and 11-13 (Units and Conversions) appear in
every common core course. These skills, along with skills 27 and 28 (Equations) tend to
receive high ratings across all basic courses. Since these skills are the building blocks for
all quantitative electronics problems, they are probably used more frequently than are the
other skills.

Of the 70 skills in the survey, 19 do not appear in any basic core course, and 2 more
do not affect performance. These skills are .in the Logarithms (26), Equations (30, 32),
Algebraic Expressions (34, 36-41), Determinants (42, 43), Geometry and Trigonometry (44,
48-51), and Phasors (53, 56-58) topic areas. No topic area is required in its entirety in
every school. In fact, of the topics with more than one 'skill, only Scientific Notation,
Number Bases, and Boolean Algebra are required in their entirety by any basic course.

''Determinants skills are not required in any basic course; Algebraic Expressions skills, in
only one course (ST); Phasors, in only two courses (FTI and ST); and Logarithms, in only
three courses (EWC, EWP, and ST).

There appear to be six skill clusters among all courses. That is, all skills in those
clusters tended to be given the same importance rating by instructors within a specific
school. These clusters are in Fractions (6, 7), Units and Conversions (1.1, 12, 13),
Scientific Notation (18, 19), Logarithms (23, 25), Equations (27, 28), and Number
Bases/Bdolean Algebra (59, 65, 67, 69, 70). Apparently, the tasks in 'a course that require
one skill in the cluster require the others to the same degree.

The responses given by instructors at the four electrician schools--AE, CE-G, CE-P,
and EM--were similar, with instructors at the two CE schools giving the most consistent,
although not ideritical, responses. Ten skills were rated as affecting performance in all
four courses (1, 2, 4, 6, 7, 11, 12, 13, 27, dc 28); four more, in three courses (9 & 45-CE-G,
CE-P, & EM; 16--AE, CE-G, & EM; 17, AE, .CE-G, & CE-P); three more, in two courses (5
-AE & CE-P; 29 & 46-AE & EM); and five more, in one course (10, 14, 18, 19, at 64-EM).
Skill numbers 1, 2, 4, 11, 12, 13, 27, and 28 tended to be rated most important (as they
were in all of the basic core courses). However, of these, only number 1 was rated as
indispensable to any of the four courses. The topic areas considered as affecting
performance in the electrician schools were Arithmetic Operations with Numbers (1, 2, 4),
Estimations (5), Fractions (6, 7, 9, 10), Units and Conversions (11, 12, 13, 14, 16, 17),
Scientific Notations (18, 19), Equations (27, 28, 29), Geometry and Trigonometry (45, 46),
and Boolean Algebra (64).
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Topic Area Skill

.,1.1
Arithmetic Opera- 1

tions with 2

numbers (4) 3

4

Estimations ( I) 5

Fractions (5) 6

8'

9

10

Units and Con- II

vet isons (7) 12

13

14

15

16

17

Scientific Nota- 18

tion (4) 19

20

21

Table 2

Importance (I) and Skill Acquisition Level (L) Ratings Assigned to Mathematical Skills

AE AVA AFTA CE-G CE-P DS EM ET EWC EWP FT1 Fill GM ST

I 1 I -L I L 1 L I L I L I L I L I L IL ILI.I. 1 L--IL

5P
2 P

I --

4 P

(3)

5R
5 R

1 --

5R
(3)

5P4P
5 R

5 R

5R
(4)

51'
4 P 2 R

0 -- 0 --

4 PAR
(3) (3)

5R
5 --

3 R

0

(3)

4 17 5,R
4 R.5 R

0 0 --

4 R 4 R

(3) (3)

5R
5aR

0 --
5R

(3)

5 R5
1 --
0 --
5 R

(2)

R 5 P

4 R 0

0 -- 0 --

4 R 0 --

(3) (1)

5 P

2 R

0 --

3'R
(3)

4 P

4 P

0 --
4 P

(3)

2 P

(1)
0

2 R

(I)
3 R

(I) ..

I -- 2 P

(0) (I)

2 R

(I)

, 1 3 R

(0) (1)

0 --

(0) .

0 --

(0)

1 -- 0 --

(0) (0)

0 --

(0)

2 P

(I)

3 R

3 P

0 --
1 --

0 - -

(2)

1 --

1 -

0 --

I --
3 R

(1)

5T
5 T

4 T

5 R

4 R

(5)

2P IR
2 P 2 R

0 -- 0 --

2 P, 2 R

0 -- 0 --

(3) (3)

--

--

( 1

R 2 R

R I ---- 0
P 1 --PO

( 1 (1)

3a R

2 R

4 R

0 --
3 R

(4)

2a R

2a R

1 -

3 R

3 R

(4)

5R4
5R
5 R

5 R

0 --
5 R

5 R4
(6)

1 -- 4 f
1 4 T

0 -,:. 0 --

1 5 R.

1 0

(0) (3)

2. R

'2 R

0

2 R

0

(3)

4 P

2. P

0 --

2 P

1 --

(3)

13 14 P

4 P g P

4 P P

I -- 0 --
0 -7 0 --
4 R 4 R

R 5 R3
(3) (5)

3 R

2 P

3 R

2 R

0 --

0 --

T.0
(5)

4 P

3 P

2 P

2 P

1 --
3 P

(5)

4 P

4 P

4 P

1 --

0, --
3' P

2P
(5)

5 R

5R
4 'R

2 R

1 --

5 1

5R
(6)

5 17'2 R 4 P

5R3P 3aP
5 R 3 P 4 P

4 R L 1 --

0 -- 0 -- I --

5 R 3 13 1 --

4 T3P 2R
(6) 1(5) (4)

P

13

P

--
P1-0

(4)

4 P 5R
4 R5 R
3R 4 R

4 R I --

0 -- 2 T

4 P 5 T

3 T

(5) (6)

5R
5R
5R
3 R

0 --
5 R.

5R
(6)

R 4 RO
R 4 R

2 P GPO
0 0

(3) (3)

0

0

(0)

4 P

4 P

4 P

4 P

(4)

1
1 --

0 --

0 --

(0) ,

5R
5 R

3 R

1 --

(.0

5R0 0
5 R 0 0

5 R 0 0 --

4 R 0 0 --

(1±2) (0)

5R
5R
2 'ii

0

(3)

4 R4 T
2R 4 T

0 4 T

0 4 T

(2) (4)

4R
4R
4R
4 R

(4)

4 R4
4 R4
4 R

3 R

(4)

No, of Courses

in Which

Skill Affects ,

Performance

14

12

2

12

7

11

10

2

8

5

14

14

14

1

12

I I

10

10

9

5

Notes:

1. Importance (I) ratings are based on responses made on a 6-point scale, where 0 : Not required, 1 : Dispensable, 2 : Somewhat useful, 3': Generally useful, 4 : Very

important, and 5 : Indispensable,

2, Skill acquisition level (1) ratings are based on responses made on a 3-point scale, where P : Prerequisitc, It 2Reviewed, and T = Taught,

1 3. Numbers in parentheses are the total number of skills within a topic area that affect performance (i.e., they were rated above "1" in importance),

a
Instructors did not reach consensus on importance ratings of these skills, Numbers given are average ratings obtained, rounded to the nearest whole number,
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Table 2 (Continued)

CE-G CE-P DS EM ET EWC

Topic Area

AE MA

Skill I L

I

I L

I

(0)

I

3

(1)

L

R

I

o

(0)

L

.

1

o

(0)

L I

o

(0)

L I L

(o)

3

(1)

L I L

4T
(1)

Decibels (I) 22

(

Logarithms (4) 23

24

25

26

0

0

( )

3

2

2

(3)

R

R

R

0

0

0

0

( 0 )

- -

- -

- -

0

o

o

o

(0)

--

0

0

0

o

(0)

- -

I

I

a

(0)

5 T

0

5 T

0

(2)

Equations (6) 27

28

29

30

31

32

..P

R

.10 0-
(

5

5

5

0

3

0

(4)

R

R

R

R

3

3

0

0

0

0

(2)

P

P

4

4

1

0

0

0

(2)

R

R

--

4

4

4

0

0

0

(3)

R

R

R

4

4

4

0

0

0

(3)

R

R

R

5 R
5 R

4. R

0

0

0

(3)

Algebraic Expres-

sions (9)

33

34

35

36

37

38

39

40

41

.1

5

4

4

4

5

5

3

3

4

(9)

R

R

R

R

R

R

R

R

R

o

o

o

o

o

o

o

o

(0)

NI*

)

00

)

)

P

11.

)

)

Determinants (2)

Notes:

42.

43'

wal -r

( )

0

0

(0)

0

0

(0)

--

(0) (0) (0)

EWP

I L

4 T

(1)

T

(2)

FTI

I L

(0)

Iwo

IWO

MP'

FT!! GM ST

No. of Courses

in Which

Skill Affects

PerformanceI L

0' o 4 T S

(o) (0) (1)

0 - - 4 T 4

0 3 T 2

3 T 4

o\0 i 0 0

(0) ) (3)

4 4 13

4 R 13

I -- 3 P 8

0 0 0 a

0 3 T 2

0 -- 0

(2) (3) (4 )

0 3 P 2

0 0

0 2 P 2

0 0

0

0

0 0

0 0

0 0

(0) (2)

o 0

o 0

(o) ) (0)

1. Importance (I) ratings are based on responses made on a 6-point scale, where 0 : Not required, I : Dispensable, 2 Somewhat useful, 3 : Generally useful, 4 : Very

important, and 5 : Indispensable.

2. Skill acquisition level (L) ratings are based on responses made on a 3-point scale, where P : Prerequisite, R : Reviewed, and T Taught,

3. Numbers in parentheses are the total number of skills within a topic area that affect performance (i.e., they were rated above "1" in importance).

Instructors did not reach consensus on importance ratings of these skills, Numbers given are average ratings obtained, rounded to the nearest whole number,

19

19
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Table 4

Performance Aids Permitted in Electronics Courses

Performance Aid AE AVA AFTA CE-G CE-P

Computer _ X X X X

Calculator X X X X X

Slide Rule X X X X. X

Log Tables X X' X X _

Trig Tables X X X X

la
4. Formula Sheets X X X X X

No aids used 5 6 6 6 4

Course ,

DS EM ET EWC

In Course

me. ME, mmi X

_ X X X

... X X X

... X X X

. X X X

-- X X X

0 5 5 6.

EWP

X

X

X

X

X

X

6

In Exam

No. Courses

in Which

UsedFTI FTII GM ST

Ow WE X 7

X X Xa X 13

X. X X X 13

X X ... X 11

X X 4.4. X 11

X X -- X 12

5 5 2' 6 67

..- -- --

X ' X X3 -- I I

X X X -- 12

X X X 9

X X X 9

Ow -- OW 5II dew

4 '4 2 3 49

Computer x-- -xx
ri

Calculator r x X X .0. X X X X

Slide Rule X X X X X -- X X X X

,Log Tables X °X X -- -- X X X

Trig Tables X X X X X X

Formula Sheets X Xc .. -- -- -- X
b

X
b

.... ..... OM

No aids used 5 2 5 5 I 0 2 4 6 6

a
Some instructors permit use of calculators, but not all.

b
Only formula sheets given by instructors.

c
Formula sheets not permitted on Phase 3 exam,



during exams in all but DS and ST. Although all students must own a slide rule, few, if
any, know how or care to use them. The low cost of simple calculators has made them the
most universally used performance aid for arithmetic calculations. All courses except DS
permit their use in class, and all but CE P, DS, and ST permit them during exams. Thus,
in most courses, students are not required to perform many mathematical operations
manually.

All courses but CEP, DS, and GM permit logarithm and trigonometry tables to be
used in class; and all but AVA, CE-P, DS, EM, and. GS, during exams. Formula sheets are
provided for use in class at 12 of the 14 schools; however, since they were not examined;
it is not known whether they actually reduce the required mathematical skills. On some
formula sheets, various forms of equations are given, eliminating the need for students to
transpose them (e.g., P = IE; I = PIE; E = P/I). On others, however, equations' may be
presented in only one form.

Follow-up Survey

Importance and skill acquisition ratings assigned to mathematical skills by EM, ET,
FTI, and GM instructors in the follow-up survey were consistent with those assigned in the
original survey. As shown in Table 5,, the total time spent reviewing math topics surveyed
ranges from 2.75 hours* (EM) to 12.75 hours (ET); and the total time spent teaching all-

-math topics surveyed, from 0.50 hours (EM) to 16.75 hours (GM). Thus, it appears that
students are expected to enter the school with an array of mathematical skills.

Table 5

Mean Time Spent Reviewing (R)'and Teaching (T) Math Topics Surveyed

EM FTI GM ET
(45 Hours) (55 Hours) (60 Flours) (85 Hours)
(9 Weeks) (11 Weeks) (12 Weeks) (17 Weeks)

it T R T R T R T

Mean Time (Hours)

Percent of Total
Training Time

2.75

0.06

0.50

0.011

5.50

0.100

0.25

0.004

3.50

0.058

16.75

0.279

12.75

0.147

13.75

0.162

15
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CONCLUSIONS

1. Although a number of mathematical skills are considered to be course prerequis-
ites, many "A" School students require instruction in these skills in the form of review or
reteaching before they can perform successfully.

2. In most courses, students are not required to perform mathematics operations
manually.

3. The amount of time. spent on review and teaching of mathematics is minimal.

RECOMMENDATIONS

1. Further studies should be conducted to:

a: Determine if "A" school mathematics requirements are justified; that is, if
they are necessary for job performance or as an enabling skill for another skill critical to
job performance.

b. Determine if entry levels of electronics Class "A" school students match
prerequisite requirements.

c. Determine the ex=tent to which BE/E preparatory schools providetraining in
mathematical skills considered as prerequisite to the electronics Class "A" schools.

2. Given the variability of mathematical skills required in the Navy's electri-
city/electronics courses,,curriculum developers should ensure that curricula are designed
to provide instruction only in those skills required by an individual course.

1
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MATHEMATICAL SKILLS SURVEY
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NPRUC CH SKILLS SURVEY

CONTENTS

Page Page

Arithretic kerations with Numbers (1.4) 1 Algebraic Expressions (3341) 4

Estimation (5)
1 Determinants (42-43) 4

Fractions (6.10)
1 Geometry and Trigonomet-y (44.51) 5

Units and Conversions (11.17) Phasors (52.58) 6

'Scientific Notation (18-21) 2 Numbet Bases (59-62) 6

Decibels (22) 3 Boolean Algebra (63.70) 7

Logarithms (23.26) 3 Computational Aids 8

Equations (27-37) 3

SCALE

5 Indispensable The student will not be able to pass your portion of the course if he lacks this skill.

4 Very Important The student's performance will be affected substantially if he lacks this skill, but it will not cause him to fail your

portion of the course,

3 Generally Useful The student's performance will be affected if he lacks this skill.

2. Somewhat Useful , The student's performance will be slightly affected if he lacks this skill, i.e., there is at least one instance where the

student is asked to demonstrate or use this skill.

I 122Psable The student's performance will not be affected if he lacks this skill but it appears during your portion of the course,' i.e

the skill may be referred to when answering a question or for enrichment when time permits (a "nice to know" skill).

Not Required The skill does not.appear during your portion of the course.

P Prerequisite

R Reviewed

I Taught

31

SKILL ACQUISITION

Must possess skill on entrance to course.

Some level of skill is assumed, but skill is reviewed in course.

No previous knowledge assumed; taught explicitly as a skill for the course.

39
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ANIVIETIC OPERATIONS WITH NUMBERS

I, With siktrictino, rvItioli
ietr,n, dnJ 11/0.1on 01 miebteS.

1? 1:5

2 .2? 2 17:6:4

(Circle NO

P

3 R

2 I

IIJ1 Prowl

; ,,*0 and vier mit of positive nursers,

I

,,'S1 7,

5

P

I 1

0.151r.s1

lorrs ,incl roots of positive nsrPeri greeter

S. in Iludf,s end snort roots.

4 P

I. 41/4

1, 'A
3 A

2 1

1

Hot Required

1. fertentages of noert,

I, IN of 61

2. 21 It whit t of IV

3

loot Replete

ESTIMATION

S. Istlrition of elvers to irlthi(tio

(glove the power to the following

ootratIont:

18491198110.
' 651

2' 111(l)gi1195?,1)1 ---

(Circle One)

1 P

1 A

2 1

1

Hot Required

9. leduotIon of weal frictions to

'lowest tem.

Reduce the following frittlant:

361. iv

2. IF_
104 rquiol

iloollficition of cvolei frictions.

Sirol If, the following frictions:

1.

FRACTIONS

6. iddltIon Ind subtrictIon of frictIons,

1 -
1

0

4 4

2. 22c ..2j

I, ilvItIplIcition end division of

frictions,

I,
1

s

2, 9 I ci --

4 0

1 R

2

1

Hot Rolulr'd

4 I

2

1

hot Required

C. Pours end roots Of (onions.

4

;

2 2

Pot Prquirid

1

34



UNITS AND CONVERSIONS

II. Aioitien and of like units,

1, ii. pl nillistiondS

112 rolls v

P111111111.1t. ditillte Cr hit UnItS.

I 71 tP(Pn t C neconde

"2. MIllitOit' ICO niceoolts

Circle One)

',

4 p

R

2

1

Rot Pequired

5

4 P

3 A

2

1

Not Required

16, Unit toovrsloo within a retrIc System,

I, 5 kilovolt' volts

2. 555 seconds milllietond

(Oircle One)

I p

'J A

1

Pot Requited

17, UnIt conversion within a n011etrIt'lystem.

I. 1000 yards Lett

2. 1669 minutes horn

5

4 p

3 A

I

1

Not Required

19, Addition And 651roction of veer' in

scientific notation,

I, 6 . 10' 4 1 1RI

2, 5,6 IR' i 101

and division of unlike units,

I. 15 kilovitts 1 21 1611.4

2,

TIIIPCOn3

WHAT UNITS ARE USED?

ID, IlIttlpNtation and division of rioters
In Scientific notitton,

12,5 ; 101) I 16 10'7) v''

1, 4,13 IV) I (l A 10i) ,

(Cir.le line)

5

4 P

I I

2 1.

1

MAI Rotor

5

p

3 A

1

Not Required

14. Spine 411 squirt root! of wits.

1, ()) ircoolol/

/. rzio wit

4 P

3 R

2

lot Noire

IS, bolt wort Ion ketnten neetric and
nett% sisters,

I. 754 vin Inches

7, 320 of Vet

5

4 P

3

2

Not lionised

SCIENTIFIC NOTATION

18, RepreStntition of ntoters In scientific
notation,

4 1

bpress the followInR nuAers In scientific J II

AptitItt:
2 1

96,000,50

2, 0.00004300492
Not Required

21, Powers and roots ornrCeri In

scientific notation,

I. I3 A 10c)3

2, 1Fr6:11,

6

P

R

2 1

1

Not lidlyired



DECIBELS

22.. Decibels.

, A power yin of 26 detihels 140

increases the instill power by whit

fittor?

(CIrelt Cot)

4 P

3

2 T

2, A voltage rill° of 400.3 Is 48.

Not,lequired

1

e

;

24. logs of numbers to bases

other thin 10 using bite 10

log tobles.

,tenpute the following ,loge.

fit* using bast 10 log

tibles:

le 2:11610)

1. log, 1141 I

2. logs 258'

(Circle One)

5

4 I

3

2 1

1

Not Required

33. Solutions of quolritic

Solve (de A:

I. A: 0.1 0

2. 311 2A 4 1 0

LOGARITHMS

21 logo ind intliogs found from log

I. login 181,604

I. intllog 1.689
2 1

1

Not Riquired

114, Or60ollc computation using logo.

Creouteui19.logi:

1. (1181)(541)

\ --
2,

5

4 I

3 11

1

Not Required

EQUATIONS

21, Substitution of know' vilues Into 4

given forsull, of

1

1, GivenCx0rindAl 12, Is 19.

find C.

2, OlvenZeviodel 100,7050.
.

flod 2.

/b. Solutions of logarlehmic'enri eAponential

eguatIons.

Solve for 1:

I. log ilcid 3.9345

2. "'Sit

37

5

4

3 A

2 T

Not ItquIrld

20, 1rinspositiono of olgebrilo earessiows.

1, Solve for s:

1 1

1, Solve for 7:

yl S 11

21, Application of trinipotitiont on

equations with more'than one

I. Solve for A:

I. Solve for y:

A Yr' 31,2

I P

I

1

Not Required

5

4 I

3

1

Not Required

4 I

3 I

Not iliquIrod

V

31. Solutions of UMW Orr siroltaneous
104:10n1,

ICirclt One)

5

4 0

A

2 I

1

Not Prou I rtd

Solve for 4 end I :

I : S

3e 4e 0 6
4 p

..

3

1 14

4

i

2, Solve for b Ind b

I 2

8.

I 2

3 3

' MO Required

31, Solutions of third order simultaneous

tquItIons.

Civic 2414,2c 0 14

4411toto 4

2061118c 21

1. Solt. for I.

2, Solve for b.

S
P

1 A

2 I

Not Required
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MEM EXPRESSIONS

31 tglop olitrittim

tf il^rtflii fOrt:110c.

1. it

(21.31'1 1.1b,Sy'lltl 0

((fit lo

5

4 I

3 r

2 1

Ntt Pool*

)1
ied dieltion of

10010 +174hrilt loresslons (los

of otOnentil.

I. III A So'l

2.

rblebA

IME1.0101

28, P0411 Ind roots Of 111011 iltobritc

4,1PrOPIOns (lims of iiponents),

i)2

7. lhi cubic root of lbi It

5

4 I

I

1

1

Not Atoulrld

5

100011cotloo of oloebrilc
4 F

.11441110ot wo to

3

44o4))
2.

2. (1441(31.4) , 1

Not lequired

39, lowers and roots of oolyre1111,

1. (o+111 a

2, /461243425o#4241416

11!

041

4 r

3

2 T

Not Roquirod

40, 1441tIonooduttrartl000f

frictionil 11gtbrilc WHOM.

Si 2i

" Ertl

' 1

36. 4,1ti011totio4 of ilottelic orpritslooi

!poor tom 11634414,

I. (4441(40501 4

2. (S441142t)(4.514341 '

5

4 F

)

2 1

Not 1041rod

4), lotto*, iliebrolo copretsloot,

Foctor the Following col:ocelots:

1,

2. 111ta11l.15

I P

3 I

t

Not houlrod

5

4 I

3 A

2 I

1

Not Required

5

4 P

3

2 1

Not /towed

17. 01414,loo of 44.Pro IC torn' 14,

111

2. (1/1,20.11 I (WI I

, 5

4 P

2 A

2 7

Not Required

DETERMINANTS

1), (vitiation of delerelninti,

(Ord' One)

[abate the following detemlninls! S

4 P

f

2. 12 I '
16.6

2
Not Nuiird

I. 114

43. Solutions of ilmiltineoui mitions

vying doterminiolt,

(mots tolutionl to thc folknoit.; ticultineout

equitiont Om dettrolnints:

I. 21.y r 6

311

2, 24441142c 4 14

442114c 4

2o4654c 28



GEOMETRY AND TRIGONOMETRY

u. co.iert ton of Wien end degree

N411111,1 +1 I glee,

I. :3 telem,

1.: Wiens to degrees,

((troll One)

4 p

I A

2 I

Not Required

b. 10' 1100V.V,

Selo Iv re ler",1 01 the ristinc

vet re t'r irlicrivg (IN trilncles:

4 1

I

2 1

Not Required

Gee of trigenretric titles to 'Ind

Ike sPecifie4 function of I ow
Of U10 pOt of I given function,

1, tot xi'.

2. si I .1180,

P

1 I

T

Not Required

41, Solutiont to right telingles,

Solve for the misting component of

the folloving right Willies:

I, 61stn:
10

Solve for 4,

2. Oven:

' Solve for t,

Kittle l.1

r

1 II

I I

Not 11104 1

1.11111 4111.

41. 641culitions of the ere' of e given Woolf

Alt PO the Pm of the folloving
trienglit!

2.

41. Solutions for unlnoun sots of a nonIght

triloglt using lee of tines end law rif

cosines,

I, Oven:

Solve for A

2, Oven:

Solve for A,

A

11

SO, Solutions of rolltudi, frequency,

phew Ingle, period qnd inguler

velocity of I given, riodlc lune:Ion,

I, *41 Is the frequency, roll.

rude Ind photo Ingle of the fol.

toeing periodic function?

y 21 cos1367t WI

2, Milt It the period and envier

velocity of the following periodic
function?

y 11 iln(111t r 204)

51, APPIICitiOn of sun Ind difference

Identities.

Oven; tin I 0',SS91

cot I 01790

sin b 0.411

coo ?a 0,2154

zot II cos (1401

'2, Men fin I.0.7640
cos s ' 0.6411

iln b 0,14110

coo ti MOM

Vhat Is sin 4411

P

1

1

let Required



PliASORS

v of polar and rectangular

rordiratpi.

I (awl 1SL to rectangular

crnfinairs.

I biitrl 11'1111 to polar

(mono.

il Pow Ind roots of signed wirers.

I. HP

2.

((10 44)

I P

3 I

2

lot Nuked

4 P

3 I

2 1

1

Not Required

it, subtraction of phases
In iretriular fora,

I. (4.111 r INI)

1, IN)) (INC)

sp, Multiplication and division of

polar chorus, ,

I, 25114' a 31.21'

2. ajli; Inl

5$. Pavers and roots of polar phasors,

1. find the squirt of 1U',

1. find the squirt root of Oa',

Ond

P

3 II

1

Not Required

5

I P

3 I

1 1

lot Acquired

40, Addition and subtraction In niter Systers

fro 159,
(Welt Coal

I. Add the follpiling binary nothing.
S

I p

1101011 1 I
4 1010101

2 1

2. Subtract the following octal oaten.
1

115

357

4 I

3

1 1

1

Mot Required

61. Multiplication and division In noicer sotto

fro 19,

1, Multiply the folloring binary nobert,

101001

A 110E.

Olyldo the rAlcuing octal outer!.

153F411

Mil 11411,1

2 1

hot Required

Si Addition 10 tubtractIon of

polar thaters

I, Mg! 1L10'

2. IV 4/36'

I P

3

i

Mot leguired

SA, 1101104410 and division of

Oilers in rectanTile fon,

li OM a

2. 0111 r (1, 1))

.ronerommw

NUMBER BASES

gg, (onvartion of nom to 41(14:ent
Witt! lystens.

I. Convert 1157 from in octal to a

Oitlual none.

2, Convert II from an octal rotor
to a binary MAIN

lbut mortar tystos are earl?

Aloary

J] Octal

a Moulacinal

I P

3

I 1

1

Nut Required

Copleontt of binary APOrl.

1. Thu lie topitvent of ha binary

motor 310101 It

2. The I's coolertnt of PI binary

mbar 11101101 Is

1M1i1..Fl 1.......111.111=1=.0111.11

I

)

I 1

Mot Pod*

I 4



BOOLEAN ALGEBRA

(ONto11011 Of Ihtlelo ImPrtf$10111 10

truth toOlts,

I, k I. 1 I. 'Amt it the Output of

A

Cmtrott I Nth table for

AA

(OrCII 001)

5

P

R

2 I

Mot Required

N. Cnnumlon of logic dlogrons to truth

lebles.

1. A I, 0 1, Thal Is the output it El

2. (0o114<1 t truth tohle ler tht C011011.119

logic 'Pogrom.,

5

4 p

)

7 I

Mot hooked

11, Conversion of logic dligrom to

loolein elortsslons.

Write the Indian expression far

tht following logic diogrorit

0, Conversion of Pollen mentions to logir

I, (inert I0.44 to i logic dtegron,

2. convert C10111001 to i logo Civic

t4, simplificilion of 'onion tivenslons.

I. Simplify: IWO

Simplify! iiR70

5

P

11

1 0

1

Mot Required

itircle One)

p

R

2 1

Not Requirod

Sirclif (cotton of falcon torissions

Involving minterus (Ieltch dlogroes),

I, Sirul Ily ASCIAliii(0004134i!A

2, SioplIfy ABCA101

5

1 P

7 R

2 I

Not fligulrid

19, Conversion of trdth'tibles to 1441tin

lopressloos.

conorict

Ctgitan t,tro!Ailo

tar 1ht Nth

!Alt, wh,Ch uvt
A and B i1 louts

mod PrOkti the

Ono 00.001.

3

2, No; A C C 2
Cow.truf.t

Callt5A P1;11tiOr1

for the truth

title, ohigh ufrV

A. B. and C in

1epots and nrotucci

oil given output,

(01111 Oot1

1 P

1

1101 IlluIrtd

70, (minion of truth toblii to logic

dlogrots,

2
a

I, CIVIC A ! g fdaz:;:cti:

1:1/) t4bilordeglilitt to2
1 I

0
ond orod.gen the

lirto output. .

a

24 NO:

01

00

0

(011104: a Itpt

Mum^ lut,.tht truth

Mit, 01(4 mi

A. B. lot t AS

Snots oid MGM

the glirn eqgpAg,

. $

1 p

I 0

Int Otquirtd



Extra categories/skills

What computational airl.are allowed during your portion of the course/exam?

During Course During Exam

Computers

Calculators

Slide Rules

Log lables

Trig. Tables

Formula Sheets

Other,:

1"
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